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2,1 - M c b n n e l l b  B!C r ~ s p ~ n s f b i b k t : ~ ~  50 %he RIJ&A ccA -;! i 

g';e&n% progrm was to design and ~ B V B ~ O F  a vehicle %hi@h ws&a e a W q  oz; LG, -c>uc~:rbd'bd2e 
A 2- , 

mission ~-i;hou$, comgrkdse Pram EYE, XJSk placed no spec i f i c  EkJZ r~q'sc?~?~c?r:Ls or  it:; 

Yiiicknnell hardware, o t h e r  t . 3 ~ 3  whe~e it iriterfaeed d t n  o*:tar eontracto--.s"q..i~:.e~~w, 

Y Implieit in . L ~ B  d e P - ~ ~ % i ~ P a = ~  sf 3IcDonnelb % sreaponsibi2i%;~ was the re37a~-;:b:k~~L:: z c -. ,̂ . , 
OF rectify, any 2241 probien trrat might be encountered, 

Meaomell did nod choose %a impose BqI specifications on vendor suppaled ecri1s?s5ec.1; 

as a eorm%imcr:e requiremeat, 3nE-1-26600 was applied only as a d e s ~ q n  g s d  a ~ d  .:%z~ 

requirement. There is evidence chat saxe of the vendors wep@ ca~illsciont,Lo~s, and -,rc ic 

f a c t  use t h i s  d b i t a r y  ssecfficatis~n as a desim g c d ,  The @!I ac@I74-i"T, or. .;4h"rl-, : ; ~ 2 ~  

other vendors was obvfous1;~ eerapere6 by Lhe fact $ha% there were no zori,3:,;1,-,,e ~-~~:~,Lra:.c ; - 5 ,  

The mnsstron C o v o r a t i o n  was given a contract by H c k m e i l  Lo a s s J s ~ ~  22 %kc 

control of DE on the G e b n i  pogr&rn1 Tne j o i n t  Hckmegb% a ~ d  Geni~t~r31; efPc.~t' cc:- 

s i s t ed  of:  

(13 m i l i n $  the EKl Cantrob Plan; 

( 2 )  -mitrng EMC %?sign Ncdes; 

(3) reviswing spaceci-a%"$ (s/c) shialding and growding t e ~ h n i ~ e s , ;  



This  actidkg no$ ordy provenkeed E-&~IJT prob1em3, bUt resoived c)./4heihh:3 hu":2cl 

arose during ESm tss$s, A, good e~anp%e of EXC problim preven~ion FVBS LSLB B~SO""LL ~ A ~ " O : . . J ~ G  

in the redesign of the: bgena acquisleion lights, Ths r e r s d t a  sf 1: t a s - ~ s  >eiM.kor: L.-: u:, 

the vsndos~ indicated a strong possibility L h t  the broadbad noise genunsstetl by r:,a 

acquisition l i g h t s  w a d  interfere with  $he C-band radar beacon and rend@%v(xs rada? 

transponder, Tests utilizing Lhe c;uesLisnab?le componel"3.ts verxfied %%;is SU;:~~CLO: as 

fact. A coolpdinated ass&& on the prob2em by McDomell, %he ve~ldor ~ t ~ d  t?&e cus&osa: 

r e s d t e d  in a ~edesigned acquisition light and the addition of a power fil- or, ":ns 

made the visual acquisition and radar systm compatible as verified by. ground ees-1, as 

well as flight psrfo 

N ~ e h  EMC act ivi ty ,  preabla prevention, a d  probbm resoEuLion dJd in f<~:.i ac4:ap 

" ,' q 
on the G e ~ n i  Prargrm paf or Lo system t es t s ,  However, in spi te  of tatis ac'tak\-;i;y, ,JU 

separate problems caused by EPr%: were recorded @in the G e d d  prograi  de,r~Lwg s,y-scw~ a ~ c v ~ i  

t e s t s  at St, L a d s  a d  Cape, These are t he  problwis which ape dsse~bbcrd rn ;-,k;s seuc:r, 

Whereas t h i s  report enphasioes the pro'p"D%m which were eneomtered during th:3 syst&~- 

level tests, &iae credit is given to Gha XHC activity dhich prevented B-E.masTo.us oLhc2r 

problem Prom r e m f n ~ n g  w~salvea .mtll f i n a l  predelivesy test 0," f h ~ k a r ,  S ~ & C G ~ ~ ~ ~ L . ~ ' G ~ .  



3 .I - L l  pic probxa~q iavesliga$ed in sk~3:dy have k d ~ i ?  ~ibB~&;a&~.. 

i n  Table 3-1. Tha pprobPms have been noted in %he right-bawd C O I ~ B  a8 due to &P~-CCA",S:~~ 

steady state =, or RF envlrormenc, Boblms  due $0 gIl.%cYb.a w e  -those t h a ~  seeaP:*x 

as a r e a d %  0% s ~ $ L e h % ~  acd lv i ty  i n i t i a t ed  by t e s t  wrso~~%el, o r  %Ewe astr-omu%s, 32s- 

$lens due t o  Y ~ u Q Q - ~  ~ L a t e  z*z cAB@ ~ % R ; I S G  OC@~UIB~ as a ~e8*&t of *$:<. P S ~ ~ L : & > ~  < , _ P b b ~ , ~  

o p r a l i o n  of the SIC ~ y s t a ~ ,  ~ ~ j e  &a $la@ i r n e s d t  of ad-tci~ing QG%~.OLL:~.~ ??S~-~~<:ZL 

due co XF envirorn~&",% are ~ I I O S U  J ~ h ~ i  sccarasd aa a r e s a t  sf the o t o g ~ k ~ s ! ~  of -;;A C ~ Z  

in xts deliberate &I envi~ormsrb~ A aeliberate RXf 8nvirom@~%t 18 ~BL'RWBG .~AOT@ S S * ~  

P9 environmen;; dua d o  delibel-at ely gaae r~ ted  a i g ~ a  f lrm xricendea ncr~*ea63, T h s  e6 WZ. ,~  

no prasgrm se-aeads =gac& ~*sbzakcirig Zrom L R s  probl-s discuassd hsruin  21,,*2;~st. *;;-A: 

problems wers resolvea a% t n e  aysdm: level  rather than r e ~ e & i @ ~ ~ i r g  P:.kgliG~* v c ~ u ~ ~ ; t ~ ~ :  

3 . 2  - Tgae 100 BfC p a o b l a  are lpSst#ed 21% Y d b l ~  $=-.lc 

W group of detailed "case h i s t o q y ~ ~  prssex--tatrcons of the more intex*sst,rng ~"16 ~ C ~ L ~ G L C ~ ~ L : ~  

problems are presented below, &e& of these seces?a~La describes the pr0bic3~1, kh~ei: cibdb-. 

cusses the present G a d r m i  B status  of corrective action, if any, Sci~ae aaa;tioz.Lc .L&iC 

problems have been diapsuasea bixisll-JT in dj&?p~fidh A, 

3,2 ,k - D m i i ~  tas:,s, g.2~~czc3s 

generated by %he s;mceeraf c ilp kco~d~&zcat  ions aiLiterm @,"&@nd/p8%~821r~ ,rho u4rE wCB r , # 1 ~ ~  

I CI- m -  - c o ~ ~ p u t e r  '"1 f w i c L i ~ n G G ~ g h k  'GO LPPl~c i~na  (Ref, YSR jp:SiiLJGi$~ w:, L:L\ >rr. a rrr- zd )i 

3 2  -1 ,e - a 

red at t h e  G 

cause, DwPng t h s  eub,sequs,wt i , ~ * , - o ~ b I e ~ h ~ o t i n g ,  k7.-.,::sienis of -Pa $0 -i40 L ~ , L , -  6 ; ~ , ~  ~c 

peak) ware cb sespved on ~ h c  B ~ O ~ E ~  ,aaciwar lines & ~ e n e ~ . e ~  t k i s  m$ - . a 
4k3h"SI9 ) '&Or wLS d ' b  L i C  De r 

or G n ,  howev9rt3 tlw ~roubd@~hoO&9-r~g eii0,"oi"c Zaiiec GO act.&%:,Ly &k;JL:  be ku;,i.i 

in .th.aL the c DLI~WLGL- r&iZini;*~;i;~~ 1- L bict n ~ t  -12; D :L,~L.: " a a 



No4 sg ICS psweP supply 

E ~ ~ i , ~ : ~ ~ ~ ~ i ~ ' i r s  1-1: r e  ~ i i  computer PIA test 
p05 11% 1) ; clsix1.g UIi noise 

H i ; ~ : i l  -go11  age traraeierits an sate gyro I D R # ~  cp.3 ~&32--6 
po$45in Iirx539 

r.cx . fii.cTs .- . - - . on ATM Bide switcta p icking  IDR#S vs k!li%%-lhd .X 
.qv t , ~  C , W - * ~  ,,l,~t.*e2!j.ng gl i tches  



Problem ---=-.=A ---- Cause 
-- 

ki%~l,ti.pJ-exer { bow-level) Excessive E$fI on ins tmenta l l .o ra  poa+~~zr 
rioxse Pins 

Caused by pick-up from various sp2ce- 
craft, said tch ixg  t rans ien ts  





&J>;$~EL~,~>:@F resets S ~ ~ d t e h t n g  Ma~uaL O - HI WcTE 2 

Si~itcRLng Sxii i Fm - OH or OFF 

SK1tchir~g Seq. Ins t .  C/B - OFF 

3d;tehlng Att. Control C/B -- OFF 

kkv% f r C ~ L S  s ~ i a m d ~ a f t  774 $ranstd$tete 

EX1 fsom deffect iva g~"ot=d s t a t ion  
reco1:-dep motor 

arid shield$ng o f  



Tmm 3-1 &-~&:Lm&i 

I Cause Q.GSLB~ gi2 
--------------A- - -. -- -. .- ... - -- .-- 

RiFZ f y s m  spaceera_$-% RT ~ ~ ~ r n ~ i ~ a t i ~ ~ ~ s  S/C 3 D13,#1.333 
$sewlsr&.tLe~ 

Wl fpam s p a e e c p d t  UHF camxi~~icaLions  SEEII& H&5;&--7 
tt;.ar~smj~lter s ~ C  6 Fl@st~ W teat 

repoxat; SIC 2 F@3 

WP) PFam s*-----"" 
A- ~. -,.. peLeb.L <aft WP I X W C ~ O ~  'Z;~:~~XXBS- ~ua!q vB ~453-8 

N3.13 225AEG3.29 a,rs M383-8 
E$;#]J12&201 k:a J]&G3 No, 
5294560232-297 

mw#2.2 vs ~383-8 
Memos 6rd]-3n@09 

GSO-3&91l4. 
3/c  9 DR-9513 &p 

I 

464LTG121 TS W3B~-hQ 
BPS S=639 S-66 

1 f xjI~p~a3t"r rad,aj s ~ a t e r a s  &&3y G30-915 

ZBVDC poeas suppJy II~lBf22 vs H383-l,i! 

gxfj  f p o ~ j  C-bgnd bason  

ERR 1 . 0 5 i i ~ a ~ r ~ 1 ~ 0  vs 111,3~ -8 

K Q L ~ C ) ~  GZgj ;.]&Oy 
6*!#- .J=g:Ll> 
C.5~;)-:.,?9?*4 

i/ 

9 S"2,>&.45-j 3 



. - 68 e gc3 j~@ i n  sp%cecsofiJ b~~~d.1.0 fejedback wi th in  EVA e o w z i ~ f  eation@ 
ifi-t,s:l;ca~i \aien EVA. tetl:ar 

? -, s :;Ozt:-ls &==eCB, 



& :*7-tjjilri332 8 b-ri-rirdu $n AGE act3 1% as &ntemM~a EPRjf3 2 vs C373 -it X 
ELE~,: ck'ing FLU 



91 Jk:l nuupec jxj TEA I U n s i ~ p ~ ~ ~ i n s a d  laLcir release motor 



t o  be Lwwed off wl~eeeever e i t he r  of the two &IF com~cations antemxs WBT"B b8i~; ex- 

tended or retracted, 

- The present %"lighL plan is such that only ane MF 

antenna is used, &ich w i l l  be e~ended after touehdom, During t h i s  t i m e  ti35 ca:"rja.~el* 

&8tlll not be on* &so, "I;ests rALb be ppeformed on the m t e ~ u - a ~  rno$os ,̂,G dc-~s~-&:.e~ L i  

suppression delvices can the motor would be desirable for out-of-sequerice 'tes-Liag c-:abd, SST, 

This case illuserases a characteristic frequanhly encomtered in PJiC ;3m D;E::s, 

%melv that of n~rnepeatability~ or rar~dm occur~"en~e, The aeeowt  ,,2.soj nndreares t l l r  

application of flight p l a n  l o g i c  as an deernative 'a ha~dwa-re redssiga3, 

POP" a "cabdation of comp~~er system mC-related py~obLt?~~n~, see Ta,"s;le 3-1, L5ez.s 2 

through la, 

3.2,2 - 3urlng test; aQ cape 

Kennedy the c~mputar @W8ll&?etionB1 lhlgkt illu~nated whenever either c2 -ct<c* ,4e;-zspem,-,e 

Ground N ~ p m n k  (&E) c o h d  sdtches, used t o  sequence aawte~ws, ifere i i i~dmied,  

(Ref, I D R # 1  vs WG8-9; FRR-9A, cape ,) 

- Two motor ariven c o m l i a l  s~lchesp Loca.~oc;l a*,, z;ae :#ca) ;;f 

.the erector araa contanoiled P r o 3  the blocknouse, wei-e powered by mzes roxktec 2:" ~ ~ ' 3 x 3  XLLJT 

"c o n y  o-tne?~ lines oetweeinp the spacecraft ad. b~ock ;~ouse ,  The swikc:k,~n;, ~ ~ % - t d , - . r , , ~  

were coualed ~ n t o  adjacent com$wt,ea' 11.im~~ along %he one ,nrobsaxd Poo; YL.:I ':a zPs - 2 ~ ~ 2 -  

craft, resrdtj ng in the cmputer m d ~ h n c t i o i ~ ~  

.." - One of the 8dLches  was replacejd by a P ~ . L & L : '  ~ ~ @ r ~ ~ : b d  

switch, and %he other ay  a h y b r ~ d  r ing  eou?lec, 

3 2 2 - 3  5e~~iri.i B Scatus - A switching t~ansien; oecuring in & ~Zre, L:*e T's- b~~t.jbAbk-ccL 

-3- - - feet long,  cotila be B ~ ~ B C ~ E ~  '4,c e;zuse problems i n  nsarby sensiLLvs S~L;ET,,-, ,ri,c; . c ~ c 2  

F -"i control maxis 02 ste"lr~ch&i~. ~icrwe? Z L S ~  be a%~.%aged 8.2;. a ~ w , o r , e  210,-, ,, ., 



a l ow current, Bow volbgge c o r ~ r c r l  systan a h o d d  be used, To f u d h s r  guard &ga:i@sL + ~ 3 e  

coupling of mgedic and electric f i e l d s  other circuits, t h e  con t ro l  d r e  sk~ .Cc i  be 

Lwisted its return, arid. the pair shielded. If if i i a  b ~ s a s i b l o  *GO i*ou"~s Lhs two 

leads together, Lkey sho-dd be kept away ?porn sensitive alpaLL l i ne s ,  iA&xLng sei-c -LS,L-, 

any eLecLrom3eba&a1 d e ~ I c e s  w h ~ c h   hey operate (such as relays, etc,: ;rte ;i-ops.~;; 

suppressed, %%ese prscaut isns  VP~U be foPPawed on Gefiai B, 

~ o c R : ~ ~ ~ E ~ v : ~ G * -  -- -- 
- Several A D A  faqctisral operations were generating transients a~rrllea, wkL5s 

coupled i n t o  the L k n d  radar commnd Pink., caused Lha docking eonel $0 chaige fr~on e : ~  

r ig id iaed  to the aWigidizsd state, or vice versa. (Ref. ATDh SE3R ?,%,j3, Xzjrzos ~ X ~ J Z - L ~ ~ ~ L ,  

Cape. > 
3 . 2 . 3  .I - The t w o  m i n  sources of inteanference were: (1) ' k . " c ' b ~ _ i ) ~ ~ r ~ ~ & ~  

f on the ATDA p w e r  busses cauazd by on-board equipnent being -burned on ax2 222, i2)  

transients generated within the ~kaand t~~ansponde:? i t se l f .  

r -  i 
3 . 2 . 3 , 2  Corrective AeLE - The incorporated so%utions eonuiatea of \ -1 .caht; aac,l;".,itln 

of in-line power filzsrs, ( 2 )  2mprovernent [from an E X  a- andp point) oZ ~ t . 2 ~  ~7.5n;t;l~ CC?L-- 

figuration, ( 3 )  t h e  addition of an =term% suppression circ~nt %o the  L ~ - ~ ? s ? ~ * E c ~ T ,  ,:c 

( 4 )  the reeonfimralion of the RCS thrdster  solenoid suppression aLodeJ. 

3 -2.3 -3  -- The WTDX is not P-r~cluded in i,ne G s r t a i n : ~  B e s n , k ~ ~ ~ ~ a : r ~ ~ . . ~ ~ ,  

~a iu$mni  ca t i ~ ; ? 3 ~ 2 2 ~ ~ $ & 7 ~ ~ 2  -- >ldr95r6 --- 

a l t i t u d e  c h z ~ b e r  tests, ths e x~ravehie~&r activi t-y (EVA) commit a.tisk";rs sLp.a;~rb' c i a ~  

no$ perform properly due to i . ~ d i o  coual.iag w i t h i r  the as%1-omut s LXZ~~I-L~SC ;. r3.~ 

P - ri C I  tethe~ cabP,. (i"6f. inizsaa G ; ; Q - U ~ ~ G ~ ~  GSO-1914; SS;% 9513; X3(:3_2 ZIIL T I ~ ; O J - ~ ! *  s:3;3 

3 2 : . --- I~vest-is - -  Audio sigfiala f TOY:- ;he hTr4 ~ ~ S A Z ~ J ~ L  5.:\;:~ wi; -: 5 \, 3 ~ :  - , . 
I-R ;~n.E;o t h e  LTLL mlero~honc E1i;eL8. L ~ ; I ~ B  audio eou?%:.,nL.; A - ~ S  n F B L ~ V ~ L ~ L  .; 2 c- LO - L : - ~ ~ :  

" * - "  Va t no 10BIowi.r ig EX: ~ie8ig?-~ 13~w19 el?&c : audko Y 147a;'' 14.,v,6. 



3,2.4.P Coz*bSnu+:d 

w i t h  i t s  F1l-etmb' wire $0 caneel t he  pametic f i e l d s  pre~e19Z BFBU?~ eaci-L a3q -bhe L ~ ? G ; - ~ C I " L ~ W ~  

=wires. The devh t ion  occurred when one wire sf a e h   pi^ WE8 dfvu'~2"bed $0 a re:h-y i a  %'?id d L. 

astromut a 2VA U f  e Suppod Package OP Q B T ~ ~ k - p ~ ~ k E P  T h e ~ ~ f o ~ ~ a , ,  f o r  a hk-,orL d ,*&a 1 =.-- L ~ L ~ " . ~  -- *- - 
(about three  ~eet), ehs mapetic f i s l d a  &row& the &re% velme not  eancalhed, &s~d kz.z~ce:-v 

coupling r e a d l e d  a Ttiess ~ c c i k o  signals weas then sen% f rYY;o the spaedc~~&Zt Vcicr 2szcroL 

Center (VCC 1 wh-3el.e %hey ae-Liva4bee5 t h e  se torn~%ic ,  voice O P B ~ ~ , L B ~  e e ~ r n r ~ ~ ~ i c a t ; o i ~ s  *:p,z~,:~:hi cxe 

keying circuit. (~6~1. \+&en %he tr;jlnsd$tsr is keyed, Qke ce~rn~w~icaiiczs -QBC~A*J.L,<.: LLJ- 

ablad.  when $ks groau~d sta%%osra tmna&t$ed to the spacecraft a"ec~lver,  .as .TD~L:".I;- 

ant audio wmukd bediately &laable t h e  receiver and mme~tarily di:rlma3t raesp.;lon ;TL *::e 

spcecrafx .  

A n  interesting t e s t  eondueted by the Boeing Comwny dmwnst~a1~3s %i?e sJf'foia eivaneas 

r - B  of twisting the signal wire w3h i t s  return, in order to seduce EiQ (see S~&L-,.~? ;a-s- i i  

Althsqh c h i s  L e s t  called, for a aimal co be iMuced Lhe Ges-i; cable, :he r.-acy~raa:i. 

mtwe of elec$rom@e&ie field efd"ecta allows the j l -esdts of the L e s t  $0 ind ica te  xl:e 

of operation in the spa ce-to-grs~d eo~mw?icalissns 1 h i c  dtn-ing EVb8 , 

3.2.4.3 k e n 1  B S G a a  - The EVA L i f e  Sup'po.3~ 2ackaga {'meLL-;;no--><] ~9 rx~;, ~AC.L-&-L 

in the ni 3 c o n f i B w ~  & $ "  xs~n, 

3-2 .5  - 3 ~ r P z g  kit. 

- * Spacecraft Iia. 3 vibria.Lion k s L s ,  the S-band traekaing-keacon s r a n a ~ c ~ r m w  A - ~ Z ~ J L ~ ~ > L  -*Y,,JP- 

and a FAA app m&ch C Q E ~ Y O ~  ra,dc,r, both  abo:;, one ~~.9.s from t h e  l%cDo;~&L- d>Swi~\9^4d2~ 

facilities.  sf. Rmio GSO-Yi!, , %, LO-,LL.~ ) , 





- T>e eodind ~ ; " . d q  fo? s c c ~ e d ~ f  & 1:: uct::Ga3g~t'?iii':+ i 

t h e  t~xnaponder (I, a. to o 5 t a i r ~  a beacon reply) ca-klem. for a p d r  0: ;ia;.sca ; CEC- 

ing edges were separateo by 6 . 5 ~  sec., 2 1.8 ,a see. The iaitenroga';zar. 2:-aquezcr ams 

2846) MHz and the receiver bnddd"ah at 30 db was specified to bs no amz*:.cr t k i n  ~ $ 2  

The FAA radar %rans-dtted a s6;wle p d s e  at 2820 K ~ z ,  and the W e a t h e l m  Bu~eau radar 

transdcted a s19.ngl.e guise ab 2882. L%~z.  The ?ohtirig radar anteraaa al:*swsd .the , p i&es  

Lo per iodical ly  coaipbine knto pairs -w-meh met ehe beacon ~ e c e i v e r  coaPrd& 2.2d i::?~':, Tfaie- 

qlseney/mPlik.ude re@ i wemento. ' 

- No corrective action was taken. 

- The S-ba1d t m e k l q  beaeon tmnspon,ia~ is no% 2r*ciac%.ed 

in the 3 e o d i ~ r a t i o n ~  

3.2.6 - A GF'E YU~$LL,~Q epecih:~  

p q o s e  spacecraft t m n s d t t e ~  (a3aerkxant KO, D-14) was fomd $0 bs rab5a-"G-o .'e-Aab ~ L L E ~  

spurious frequencies during pralau~ch tests a% Cape Kemeedy, (8ef. ~hm526d%w,b, Cap.) 

3.2.6.1 - 'Fi-ie D-U a p e r h n t  consisted of a d u l l  f req~ency ,  %ow 

power, CW t r & n ~ d t S b ; i ' ~ ~ g  s y s k ~ n ,  dssimed to assist in khs study of t.13 Faraday ,2ikLation 

effect. The spurious r a d b t i o n s  were aetected w i t h  a gmu2d test ~.Lat%oa-~ spsei;m;l 

amlyxer during routine speclram sunve iLhnce  . 
3 .2.6,2 Correcq~f ve kctlo,a - Tie Lrans~tLer P B $ U J ~ ~ ~  by J~h(s  ~ ~ ~ s p i ~ i r , ~ a ~  

(Navei Research .T.ZA'DS) kdqich el-ui=ted the spuriouta raafa*%%ons. 

3,2.6 h d n i  B Status - Tiis 2-34 =perhien", i a  noL be luded  nB-, ene 2szi"ir~Sn; L. 

configmation . 
3.2.7 g Z~terf e~-sod with Re i s u r a a a n p h i , ~ i  - 3x0-l il;d ------------ ?a-*z 'cc ,cz~~a  - 

The ebec t roea~d iog rm~  and resp irdbL:losn ~ ~ t e  telematry p~-&jietera f r o ~ ,  b o t ~  ",od.tAv),~fiw, 

were being in;erferred F ~ ~ - L ~  by n s p a c e c ~ a a  Gm eqisx*L~kent ~ c k a g c  . & J L Y L Z ~ ~ . L  S-,), 

(Ref. PmI#125 @G129 vs. K.363-8 St. Louis " ' J 



- The S-3 mh3e;l-:rd~3ksn$ eonsBaLed of ,V;I ~~?isi"gticab lxen;deo 

which were d e s f g e d  to p ~ o v i d e  data Pear tne study sf the sffec-b o f  a&ItI cuter S ~ A C ~  6"- 

viroment on the gro0~h of frog eggs. Th7t3 interferenee bas $ene~aL~dd LIT a smli 3 X # C  

converter dthu each -mc;mge, and was coupled into the  B ~ ~ A ~ ; E ~ A u %  3 bLc-ri,~d ;ara~?.@-; 

3 "2 -7.2 k"c.?-=sd;ire .LC.CJ.O:: - The wire a:arneas leaai;..ug to  he ~XLCAG~BJ r+ica,laa- 

s i g i e d  to : s c c ~ ~ ~ o ~ ~ ~ ; o  s i ~ i s l a ~ d  wire and Xu2 f~;$;@rs. 

-- 23-3 a ; ~ s r h e n t  $a not, fncluaed in LLe Sm~bx  3 

conf igwaat,iorL, 

en a-M - Trdns i~~ i : ; a  

generahed by %he a p e e c m f . ~  e1.apo:-a%or and raaiator ~8~Lvas  mused loss - " ~;n~iC,j*o:,_-~? b~ i i i ~ ~ :  

of the LePeim*~m syskm during t e s t s ,  (3ef. DR#$ VEI. E3$5-3 ; S/C 3 - - - 1 ,  - C 
a" "t.4 \--&,-JLj; 

s t a  Lcmis-) 

3.2.8.l - Tne Lmnsient spikes (from 50 to 70 vcali~s :,: mp:b$cucie) 

were observed on the  solenoid potrep linesB but disiippeared d e n  aup,~resolo~: diodes 

installed on the solenoid power plug, 

- Sb.ce the  actma solenoid $sm~im:'.a we.-.a arg c:ck:d'."; d18, 

the putting a% the e lec t r i ca l  co~"neeLo~* LO %he valve was cut axy,  he c;.ioaes ~ ~ o ~ ~ ~ L ~ c ~ ~  

" < do %he =posed pins, and t h e  com2eetor was repotded. (See  ZO#D8'";"63:' vs. iwg* :ic, ,,:-. 

79393 - 1 

Ff 5 -2 shows LmIaL interference cke~ac%sr i s lEcs  ( 500 vof L, sc,,"-;--co-;)ela I*; 

g u t & )  of all a~auppressed sol snoid. Also sham, for cornp~r i son~  b> .;:.L$ b+t'~?- 



200 microseconds per division 

ulysu?PnEsssD mmsam ( 5aov > 



j . 2 - 9 , l  - 1% was fomd %Pa$ the coolant-valve 8olenoFas 

t~ansients, 3W to 500 volts i n  mghitude and 09 shof l  (~ibise~ond) &mation, w 1 l i b ~ e z d ~  

the valves were a c t w t d ,  

- The problem was salved by adding supprsasion %Itsvices tc 

the solenoids. It shodd be noted that $he cooba?t % P J ? B ~ ~  was not & O F " P ~  in i t s  zi~bi ; ikj  

to i n i t i a t e  a reset of the mat ip lexer ,  Some of the other spacecraft a d t c h i n g  f7met.L,sws 

Chat  have been kr~okn Lo cause mpT;beipiexer r @ a @ t s  dming the M S A  G d n i  p r o g r a  &rs: 

&El& - ON 
Cnmpute~" - 0s 
Computer Light - OFF 
Platform Kods - FlUE 
FTaLPona k 4 d s  - B F  
P l a t fom~  Node - CAGE BEF 
Pla t fcs=x l%ode - @AGE SEF 
Platbomi Mode - OFF 
DCS Cornand - T m  DWP 
TK Go~&ro l  (STBY) - OPT 

Control (TB) - R/T mlilp KQ 
Bio-Med I n s t ,  G/B - ON 

aio4Yed Recorder - ibK 
F m u l  02 - HI U f %  
Suit Pan - OH BP OFF 
ii'6,L. Control C/B -. C E T  
Seq, Inst, G/B - CPF 
iiGI% Logic Sdtches  - PRZ 
A./c Power - OW 
Tape Playback - CGFlHVJOUS 
C-bnd Beacon - Oh (via DCS) 
hdar  - OFF 
D--lek w e s k e n t  - BTXNB 330X 

3,2,9*3 hmirri B Status - All solenoids d l 1  be diode suppressed on t h e  Gemin2 3 ,  

The multiplexers are n o m l k y  reset every 2,4 aecods to inswe s ~ c r o m i z s t i o n ,  A fa138 

reset therefore causes an a b n o m l  siLuLion fo r  less than 2,4 seconds, Since "chis in ter-  

ruption will mot degrade the fission ob3ec"cives or f l igh t ,  safety of the crew, it was agreed 

by both McDomell ai2d Aerospace %ha$, no redesign of &he a a t i a a e r  reset z i r cu i t s  is 

required f o r  GeHLid Be (Ref, Nnu t s s  of Prei 

HcDomell  Company, St. Louis ,  No, ,  held on 6 October l966) ,  

3 ,lo Glitch - Trms:.en%s, genes-ated 

by a spacecraft coaial ~ a t c h ,  appea'aed on t h e  voltage sensing leads of sr %E p j w e s  

supply causing the outpt of %he pow(3r supply "c o u y  beetween Q and 28 voltbs, Q x B ~ .  

IDM28 vs H434-12, S ;, L s u i a  ,) 

3.2 .I0 ,l IPDV~E)~  - Du*iw EVA tests, a s p e c i d  pwpsase, awceca,&.$, telmat;rwy 

receiving system was used. to receive t-an8missions frw a :.ow p w ~ r  te1med:-y %raBr~sw<.$it~3r 

located in the Astronaut & n e u v e r i ~  U s k i t  (W). A CO&~J switch in the s iucecraf t ,  

energized by a Issignal seekiiagu ~ircui', in $he receiver, c3-clsd t h e  i w p t  oi' %he receivsr 

between two a n t e m s ,  once every secoaf, mti l  a usable level waa fomd, 



H%gh-mpiituda, 2ositivs vol";,,gc ti-msisnts, generated by the c o d &  d:a.i>c:", .era 

sent back to ths AGE power %w?pby P ~ B  its aen8ing lines and w r a  i i~ te rgra ted  by the  sup=+ 

ply as momentary over-voltageri, As a resat,  the psmr supply ow~pu't voltage 4oiii.a droo 

to zero for about kwenty dlliseconds e v e q  %Lwe the c o d a 1  s~ddeh was eyeied, T3e 

( 3 n e r ~  stored by a 100,000 derofard eapaeitsr in ;;he A41X power a g s t m  ;;iair&taL,?aa cce 

a c t u l  spacecrafe bus voltage a% the proper levsk whils the pobver suapiy \%as cf.?, 

which were considered, (but  not incorporatad) inePudeC1: (1) a more ,j~idlcious se2e~:lo;;n 

of the voltage sensing ppoinz, and ( 2 )  filteri~a of the sensiw leads zc ~ r e v s n t  se:;s:ng- 

circuit response to transient voltages, 

- The specia pwpose, teEemetry receiving S~SLWB 69 ?,ot 

included in the b d n i  B configasation, To prevent this t ype  of prom321a f r m  oscw2-rLng on 

G d n i  B, an 8-@ ne6~480rk is included in the voltage lines for sensini: as 12losc as ?osssk-,ie 

to the spaeeexvaft, Improved shielding is a lso  incovorated for the G e d ~  % ~ o c ~ i g ~ : ~ * a ~ i o r ~ ~  

3.2 - O r w &  - The 

grouch test station telmetry rsadouks of $he X, Y, a d  Z aeeelaagm~\,er o ~ ~ t p z t s  were 

pppzac~eptablBy noisy, (Ref, S/C ~i DR#50 vs J k 3 5 4 ,  @,ipe.> 

3 2  ,lh ,l - "'he noise was being :mposed on the aet:eie~aae:."-,e,-.s v>a 

"ie comon hpedance of a grou?c$ path shared by the aceslarometers aria t a t 3  b n ~ r , ~ * a c ~ ~ L a t i o ; ,  

systemn s DG-DC converters, (Ses Figwe 3-3) . 
- A separate gromd path was  provide^ Q d o t - ~ e d  i :~*~e  O~ 

Figure 3-31 for ths aecsler~a~tel;e;-. rstwna, 

-. A separate g r o u d  path for t h e  aecel eroueter ~G,GUT.KA"-: 

w i l l  be provldttd on the C d n l  1 ,  

- r -  CY .- low-ievsl m u l t  hplexer outputs eonlained &rkaccepibly high noaae leva,.  <$~ .- .-A'+-& r,a 





Electrum@edic noise (about m0 m i l i i v o l . ~ s  p @ i ~ )  33seTvea 

s 24 v o l t  main power line, was induced is%o t h e  neal-ay 

ml t ip lexes  subsystem power wires, 

3,2,12,2 -- The ins'$menta%irtsn system's power line: was r e r o ~ t e d  

away from the matiplexer  power Line, 

3,2,12,3 C--emirS- B Stz~due - \%%re routing in the Gemini B adapter is i.n ge-erd- raj.,,ct 

diffe~ent from the wire rouzing in NASA Gemini, it is not mticipr;i.f;oc, 'I;ni;c, .i;hls 

problem w9..ik reoccur. Tests w ~ L P  be conducted on the electronic S ~ ~ L ~ T I S  - L , ~ S L  &mli~t {ESTU) 

t o  insure %hat t h i s  condieion is not present ,  

3.2 A3 - ';;(he 

guidance m d  con t ro l  recordings sf the gimbal. s$abilizatian signals were noisy ~ a , r i ~ e ~ :   he 

RCS or OhW j e t s  were fired during tests, (Ref, I D M ~ ~  ars ,  8453-2, Gs?e,; 

3.2-13 .I - Trwsient spikes, about throe vo l t s  in ~ t p a i i ~ d e  aaci 

0,02 milliseconds in duration, were pr~4sent on a one t h rousa~d  Poo~-l(~?ng 3er%-acL&at01~ 

monitoring line, and were co5apled into the nearby g X b d  s t a b i l i z a t i o n  s igrLC ~~oa~toricg 

cable,  

3,2 ,P3,2 Corrective We?iac-pn - - The jet-aetu"ko18 m o n i t s r i ~  lines were LSL'X o,r s ~ ~ ~ ~ ; ~ ~ . t a i ,  

except when required for t~oub: .eshsot ing,  

- Siaca lines monitoring an eiectr~uec~-~a~i~d ac-:,,~,;L,o : 

" " are potentid sources 0% t h e i r  sh ia la ing  and routirag will bc gLa!reA: spac:~ . .  ,i,~e,,-,;~;, 

3e3 w s G  - With the B X C E ~ ~ ~ O R  of the mor2cnl;dq isdd eT id%& 

due to matiplaxer reaeta,  Lhs G e & ~  spacecraft w ~ s  sleaclromagnelici~ly z o s p s t t i ~ l n  

durin~ %he m i  ssisn 8 3  evidenced by the face %hait tl~srs were no r d s u i  sra  p22s, e z s  ci>L%~,iilg~hb",! 

to XW. Howe rer, it, a h o d d  be remembered that in order &es albaln ti is miG cc;a12, i,?&-,u 

0 a mis~ion, a f e d  Pl.i,qh$e conslsai z.Ls were hpaseb ( e3~~f ip l e  - Paragraph' 3 , h , l , s , 1 ,  



reset problems represented an acceptable daai@> characteristic, ( ~ a f ,  I n L a ~ ~ - < ~ 2  HZ~LG 

" " 
No, 485411"38, Hinutss of K , ~ C ~ ~ S A  Policy Meeting held on 15 April 3965), riot &.k 

x-sPli plexer res9-L problms were docmented , Of the subsys%ma havang a safic%e:%t 11:mber 

nf' ",H6 problems to rate: special mention, t h e  5% subayskai is tho mas: sign,fisaa%t, kr~-;;. 

46% of 'the Lots,, However, more ~ h a n  one-hklf of these TM p r o b l m s  i n v s l v a c  m e  ~T:JL~;:~~~J;~, . -  

reset function "see Paragraph 3 2*9), and were caused by glitches a~kdSet c o d d  d.1 rave 

k e ~ n  avoided M ; h  el$hes aprsvech circuit design, or suppression measx~res, &cl:~ai~zg 

these 22 EMG p~oblems wodd ;"five Seen related to the TI4 systa?, Since cne other 

subsystems listed in Table 4-1 average 13 probarns each, a to ta l .  of 22 for che TM 

subsystm is not surprising consideriw i t a  cwp le f i t y ,  its vast cabl i l~g :ieLwoiTBk, ;na 

t h e  fact that i~ interfaces w i t h  all other spacecraft ~ubsystms~ 

- m i n g  the  N U B  Gemini progrm,, a n y  EXI pro~Mt is  

were  encountered during prcsducticn spacecraft testing, Hn order LO reo~uce ~ k e  QLI 

~rohlems encouiered on G e ~ n i  B, hprovments have been made in the design 02  he 

spacecraft system, and more ccsmpsaeheasive 324C tests have bean p l a m ~ e d  for tile p~.li-;~elibe 02 

finding probabir EKI problem areas before a c e d  s p c e e r a f t  produezion oegins, 

4 -1. - 2ipeeific daslga bprovmewts are given Lw e h l s  orleai,;~ :;,,-La 

. * ,n trje CQis~ussPon"$~ of the G e d n i  B s t a h a  of corrective act ion for %he E!E , X - ~ ~ ; - S A Q - - ~  

sazcomP,sred ciur~ng NASA G e m i n i .  Seaaspal design kprovments incarpol-seed ,"or Gas-,-,: ; 

include additiolsl ashielding for computsmp ~ r e 9  a d  ATE cables, aup~rrasuion GP S G ; C I I C ~ C ~ S  by 

the use of d i o d ? ~ ,  a e p r h t i o n  of wire eatagories in the aaapker, wire r o u t ~ ~ r ~ &  5q9mvc*;xeaJcs 

(from an EHC st<rndpcsint) in the a*s-entr~p sactisw, Pow .kpcdance @ths I P B ~ W ~ E * ~  ~ - ~ u ' t c . ~ r ~ -  ~ ~ i ~ i :  

initiators and :Lti-uetme, and SST: Exhibit 64-4 cosnp1i&~ce 0 8 d ~  new equ;p:.enL~ a::~ IPL, , - c n e : ~ ~ ~  

equiwlents, Tht se design L~2rovements will not o ~ g  al&i~b%te the bpa:l2ic am L h id LA 

occurred on N S j .  G e k n i ,  b;iiii w i b %  ai~o p~*bvhr3; $he 0e~:-~rr;3~--ce S: t)ai s i - i .  ;(S ,G- 

011 G e m m i  B, 



5 .2 - En a a d i t i o ~  Lo the  d e a i g ~  ~*provanen.:s Bas %fie ;;&SLL 2 ,  

the EMC test progrm has been dpaoved in ordei- to f i d  probabPe p:rab,am areas at 

Asrly state of the progrm, 

During t h e  N G A  Gmini  progrm, the B T U  and the emmtibility test -it (~"_".i') were 

used to verify captibility betw,ssn s y s t m ,  The N S A  B T U  was used t o  aetq;,e~%lr.aa ;.?z"ie 

e i e c t r o n l c  systems (~om&nhca~ions, Guidmee and Control, and Instrmen~ation) VOTL~ 

operate together, The CTU was us~sd to deledne if 31.1 electpic& and @~SCV,~O~.ICI, S;:~-L+~LI:; 

and associated iGE would operate together, Both of these units were i.12lpfuL In &.:J:LY~.L::~ 

I241 problems in the production spacecraft, 

The Gemini B ESW is s ~ l a r  to the N G A  CTU in that it conbains both the e:ieclricai 

and electronic systems, it utilizes a driaag confieration repres;en$a%;.ve of AQigh.: 

~rehic8ss9 and it utilizes SST ,GE and associated cabling,  The N&A C:% did no$ t~m~3z~dtely 

achieve its objective because sxkensive PaPiring design ehmges took plaea %haq; corLLe; 

not be ree"hectec, in $he CTU because of schedde,  It as an~ ie imted  th,is; t k e  &sfl 

of Gemini B design c b q e s  caeeurring too la te  to be reIleeted in ESTB q d L k  ~s w~;a;ixcsh 

less than ow N G A  G d n i ,  

Formal W C  tests were not perfomed on eithe~ of the HASA test ' m ~ t s ~  0 i ~  the 

Gendni B, f o m l  EMC Lest8  w i l l  be perfomed on the ESTU, These $0 

Critical Point Safety Hastin Test 

Power Bus noise tests for each sub-systm 

Inter-?acing circuits neisa tests w i t h  sophiaLicaLsd intsrfiaca ~ ~ L L ~ L I L ~ L J ,  

It is anticimted t h a t  this type of test - w i l l  bring to l i g h t  prsbnble 24Ji 2rabLcsn 

areas, and w i l l  eBbimta  





APmiG2BC A 

SO!E AEPDLTIOFj.u,Z DISCUSSION OF EhIE P R O B U E  -- 

1.0 - - aeetrom@etic noise on %he higts--leb7el -;~.i.i~;-- 

plexerr resulted in an htemittent loss of sync on ,he te lemetv  g p ~ d n d  s$aclo~*~-,, 

During %he course of troubieshoo"cw9 it was noticed %hat rocsets wcil.d coccar v+!~en- 

ever & nearby na~nlsrenee K&.&L t h e  white! room turfled his floor ~ol.rs:ae:- on or 

off. Solution: Filtering was added to the reset line, and the P l o x 8 s  ~vera 2cb;a;~i-ecf 

'aetween tests - (Ref. : SE3R ID321-5, St. huia. 1 Gemini B Status: hio r e d e s l , ~ ~  af 

this circuitry has been incorporated on 

2 ,0  Audio Hun is.k Pilot's Headset - Considerable audio IIUJ was being intr*c~dueed b ~ " s k  'Lhs 

pilotPs lightweight headsefiy an AC powered BC supply located in a r t  A*SZ eonsoie coaz- 

Laining isrtel-.com audio ~ E r e u i t ~ .  Solution:: &$emasl ht t6eriss  w6;!2$. ~ s e 6  knsttec~.d 

of the AGE power supply. (Ref. : IDR#22 vs . M383-Lbji9 St. h u i a ,  1 Ga:,iixY,$ '3 5 c a t ~ ~  : 

If this problan occurs during the Gemini B Programp the s m e  sok&Llo:i, w i l l  be .",R- 

corporated. 

3 -0  nc t ion  Indication - Dwing the mnned alti-tude testing of SpcecraJL 

Five, the cor.rq.3ilter mlfmetion light illdmted as a result of the high irrslersity, 

ambient electromme~ic interrfeysnce in the ~ c h i t y  or" the Building 1.623 a%t;",u.de 

#." .-,.a chamber, Solution: No eaag~.ect$.ve action has been "Laatera. Q ~ e f * :  E ) ~ k 4 5  VS. ;i36~-5~ 

St. Louis. )i Gemini 13 Status : No kprovements are expected in the abient  inter- 

ference ina Bullding 103. Howeve?r, the computer mlfunc"con lighG ~d.1:. be 

shielded in Gex\ini 13. 

4.0 DCS Ground Test Station Em - 72-15 DCS gromd s ~ . L i o n  p repu~chsd  tape 1he3dsg~e C L ~  

not always agre? h6th  the messages acLuaS1y sent t o  zhe spacecraft frstn. LYie g;rv.ouz,a 

station. Also, the tape reader %:ofld atop oceasism%9y a'; ~.kaa.lcBon mez,essaa, oi* 

,. .. start up by i-ts;LL". Tfie general eol-,eensus is t k i a t  tPe cables and cLrn,:.:,,, ;- =-LY-  



L.5 Continued 

m e s e  interfaces received a great of atdLention, but no one a e q m i ~ t e d  ~ 5 ~ h  t k - i e  

system is certain .I;bic the problem wa8 completealy corrected. G m b i  Stat.us;: Td5e 

DCS ground station is not used for the &mini B q  

5*0 Tnterferenee on Tt19s - The Z cknneb of the IVI drove Lo zero beesasz o r  an extr3an- 

eous, open-ended wire eopkneeted to an mused pssaxtioaa. of the ATM node s~u2-i;ch, 3 ~ ~ s  

wire was acting as an antema which radiated t~ansieszts, caused ky tI*ie s~cL%zh 39e~- 

- '1 ., atim, into the PVL's. Solution: T%e d r e  was removed. (fief.: IDZ#5 v s ,  :Lf>i-.iO; 

St. Louis.) ni B Status: The  ire which a c t e d  as an anters i~  will. not be ;)K-. 

eluded in the Gemini B configwation. 

6 .G - Transients in excess of 150 volts were p:-esent 

on 'the rate gyro power lines, and caused a computer m l f m c t i o n  wheneq:sr the x-zte 

gyros were turned on, Solution: Zener diodes were placed across the ?ate gyms 

for transit3nt suppression. (Ref. :: DR#3 MS. W32--Ba St. Louis. ) C ~ R I  B S - ~ d t u :  J : 

The Zener diode method of suppression be i n c ~ ~ o m t e d  on Gminf EP, 

7.6 - A computer b1t s i m l  was generated by Em from 

an unknom source. The susceptibility was due to (1) an unshiefdsd 'm.1-L s T g a l  

line, ( 2 )  the high hpedance of the computer bl-t circui.5i-y, and 63) %he fast-rise- 

the characteristics of the  "cansients. Solution:: A filter capacl"i;rl was plseeb 

between the halt; line and the compu-ter signal ground. Other occasio~is on which 

cosnpu-ker hilt, sigmIs have been generated by EM1 are describsd in the foilo1.i.x1,2 c;- 

cmmts: DR#77 vs. W383-4 (St. Louis altituci!~ cbxber), IDRf19 vs, .:,?L.-3, and 

IDR#&2 vs . H371-3. ( ~ e f .  :. DR#33 vs , H&3&b-5; St Louis. ) Gkiiini B ?rLatus : 

halt ciseu.try has been redc?signeci Lo haw a noise im~i-mi:l,y s; 5-5 ev2;;, 

has been shielded. The: NASh Gemini halt c i rcu i t  wx la  z r i g g e ~  w: e~? a v0I4:, 10 

microseeoncl sig2-aL was on HALT Pxiner 



Ercgrm, wh.,enever the spacecrsf t  HF tsqnswittea baa keyed, aria3ius "ccsL~:dtry paras- 

meteers beeme noisy, 1% has been demnsxrated mfiy t L ~ e s  that the a i - ~ u ~ l i o n  ks 

somewk$. hpi"c\ved when t he  hal;.chss are closed and all ahiagles  are irk ;3hc6. Sol%- 

Lion: No feasible solut ion IB,S been proposed Lo t h i s  probim.  Howe~rer~ eve;IC,y 

flignt plan has h~L-t#een ", kinsure the HF com~w~ieations systen wzs n~": : ; ~c~~?aL ly  

used during FdA (hatch open) exercises, since during % h i s  @;be both -GPka ia:~er:rzsnce, 

and the necessity foas- "cieanH bio-mea taiemetq p a r a ~ e t e r s ,  k ~ d d  be zit %her;* ::a:~- 

mu. (Ref. : IDR#25 vs , N43P-"1 9% * "ia~~is,  ) k h i  B S$atus : Tke S-lr" eo:rb*,yL~ acz.,x-c.r~s 

b e p i l l  not be used during Lhe f l i g h t  inissisa except during ~~~~~~~7. Jurxng Lr.is ekCe  

no telemetry ~5.11 be t ransmitted.  

c r a f t  Qo the gromd t e s t  station becane noisy and caused t he  grounci 6b%&",:-0!"L~~ LSZ 

- " " ,  sync whenever t h e  UHF rescue beacon vms turned on, The rescue beacon Is s Tb~%r,,..very 

high power WF t ransdh . te r ,  and i s  pulse group anoddatedm It was dasi(g13ed in ~8199 
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t ransmitted. &SO,  .L~W GenCLn5 B lases a low power ( 3  ~ ; = i + ~ )  r O W  cw ~:*;JLS:OL",S? ~ : I C  3 

nct e q a c t o d  LC z ~ e a t e  a prcobem of t h i s  nature, 


